vector. These results demonstrate the efficiency of VZVtk index of BVDU (ie the IC 50 value ratio of the wild-type to as a suicide gene when BVDU is used as prodrug. The the VZVtk + cells) was 400 for MCF7, 750 for T-47D and bystander effect measured in vitro, depends however on 2000 for MDA-MB-435 cells. To test the system in vivo, the tumoral cell type used.
vector. These results demonstrate the efficiency of VZVtk index of BVDU (ie the IC 50 value ratio of the wild-type to as a suicide gene when BVDU is used as prodrug. The the VZVtk + cells) was 400 for MCF7, 750 for T-47D and bystander effect measured in vitro, depends however onIntroduction important element in the suicide gene transfer efficacy is The transfer of a 'suicide' gene into tumoral cells is an the so-called 'bystander effect', which is that expression original approach brought by gene therapy in the field of of HSVtk by each tumor cell is not required to cause anticancer research. A suicide gene codes for an enzyme tumor regression in the rats. 8, 11 As studied in vitro, the which can activate a nontoxic prodrug into a very toxic bystander effect requires a close proximity between cells metabolite, a reaction that is not carried out by homoloand does not involve any soluble factor. 11 The proposed gous cellular enzymes. Several enzyme/prodrug systems mechanisms of action rely upon either the passage of are under study (see reviews in Refs 1 and 2), the most toxic ganciclovir metabolites into neighboring cells possexperienced one involving the Herpes simplex virus thymiibly via gap-junctions [12] [13] [14] or apoptosis and transport of dine kinase (HSVtk) and the antiherpetic agent, gancicloapoptotic vesicles. 11, 15 In vivo however, the bystander vir. 3 This guanosine analogue is preferentially phoseffect appears to be a more complex phenomenon. A phorylated by the viral kinase; 4 it is then converted by direct vascular damage might have a role 16 but a major cellular enzymes into the triphosphate derivative which immunological component is certainly a determiwhen incorporated into elongating DNA, induces cell nant. 12, [17] [18] [19] death by premature chain termination. Sensitization to ganciclovir by expression of HSVtk was The HSVtk gene was first introduced by retroviral vecdemonstrated for a variety of human tumoral cell types tors into murine tumoral cells and the modified cells in vitro (among which are the breast cancer cell lines when implanted in nude mice 6 or syngeneic animals, 7 MCF7 20 and HTB126 21 ) but also as xenographs in displayed a reduced tumorigenicity upon systemic treatimmunodeficient mice. Successful in vivo transduction by ment of the animal with ganciclovir. In a rat brain tumor HSVtk adenoviral vectors of disseminated intraperitoneal model, an efficient gene transfer was observed when breast cancer xenographs in nude mice, resulted in a HSVtk vector-producing cells were directly introduced in reduction of the tumor burden after ganciclovir treatthe developing tumor. This injection followed by ganment. 22, 23 In human protocols, the safety and efficacy ciclovir treatment was reported to lead to a complete of the HSVtk/ganciclovir treatment are currently tested regression of the tumors. 8, 9 However, the curative not only on brain tumors, but also on ovary or head and neck cancers, melanoma, mesothelioma and multiple myeloma.
Because of the interest of this suicide gene therapy systems is worth investigating. Our work focused on the the ␤-galactosidase activity of breast cancer cells infected with BAG 40 or LNPOZ 36 carrying viruses ( Figure 1 ). In thymidine kinase of the Varicella zoster virus (VZV), another member of the Alphaherpesvirinae subfamily in both vectors, lacZ transcription is driven by the viral LTR. However, lacZ expression depends upon a cap-depenthe Herpesviridae family. The VZV kinase has only 28% average amino acid sequence homology with its HSV dent translation process in BAG, while in LNPOZ it is translated in a cap-independent manner from the polio2-counterpart, but higher local similarity is observed in the ATP and substrate binding sites (55 and 64%, IRES element. Amphotropic helper-free retroviral vectors were prerespectively 24 ). Thymidine kinases from different herpes viruses phosphorylate a wide range of nucleoside anapared from GP+envAm12 packaging cells 41 by transfection of the linearized BAG or LNPOZ plasmids. LNPOZ logues. However, important differences exist in their relative substrate specificity. [25] [26] [27] [28] [29] In the treatment of herpetic viruses were produced at higher titers (over 10 6 c.f.u./ml) than BAG viruses and the plating efficiency of both infections, the analogues, once phosphorylated, act as substrates for the viral DNA polymerase. When used as viruses on human mammary cells was over 20% of that obtained on NIH3T3 cells. a suicide gene, however, tk is the only viral gene introduced and its efficiency depends mainly on the action of ␤-Galactosidase activity measured in the packaging cell population selected for G418 resistance, was equivalent the activated drug on enzymes of cellular origin. Thus, acyclovir, another guanosine analogue, the mode of for the cells transfected with BAG or LNPOZ plasmids.
To take advantage of the link between lacZ and neo action of which is similar to that of ganciclovir, 30 is the most useful agent in clinics. However, its efficiency is low expression in the dicistronic vector, the LNPOZ packaging cell population was then selected using increasing on cells expressing only the viral tk, 26, 31 because it is monophosphorylated less efficiently than ganciclovir by G418 concentrations (from 0.4 to 0.8 mg active G418 per ml). A 1.7-fold increased G418 concentration gave rise to the viral kinase 4 and in addition, because the cellular DNA polymerase ␣ has a lower affinity for acyclovir a 1.6-fold increased ␤-galactosidase activity (from 3.5 to 5.8 units per 100 g proteins). However, we did not triphosphate than the viral DNA polymerase. 5 As the action of analogues on cellular enzymes is largely observe a higher virus production from the cells having an increased ␤-galactosidase activity. unknown, it may be possible to find other compounds with interesting prodrug properties. They could replace
We then determined the lacZ expression in breast cancer cells infected with LNPOZ and BAG viruses, respecganciclovir which exhibits a significant hematopoietic toxicity.
tively. In the selected cell populations (Table 1 , populations), the ␤-galactosidase activity expressed from In the experiments presented here and performed with VZVtk, we compared the activity of the three antiviral the two proviruses was similar, indicating that the IRESdriven translation was as efficient in the human mamdrugs: ganciclovir, acyclovir and (E)-5-(2-bromovinyl)-2′-deoxyuridine (BVDU). The selective action of BVDU mary cells as the cap-dependent process. The highest level of expression was observed in the LNPOZ-infected against Herpes simplex type 1 virus infections was discovered by De Clercq et al in 1979. 32 At present, BVDU MDA-MB-435 cell population. Individual geneticinresistant clones were also randomly isolated among and (E)-5-(2-bromovinyl)-1-␤-d-arabinofuranosyl-uracil (BVaraU) are the most potent drugs against VZV in MCF7 and T-47D infected cells. Compared with the BAG harboring clones, some of the LNPOZ clones displayed infected cells. 33 The VZVtk suicide gene strategy was applied to breast cancer cells. Retroviral vectors were a very high ␤-galactosidase activity (Table 1 , best clones). However, the lacZ expression level greatly varied among used since they transfer genes exclusively in actively dividing cells 34 and are thus especially suitable to treat the LNPOZ clones and it was barely detectable in four out of the 16 clones analyzed. X-gal staining of the cloned tumoral cells that develop in a nonproliferating normal tissue. We tested a dicistronic construction in which the cells confirmed this heterogeneity. In comparison with other data, 37,42 such a large variation among cells selected gene of interest is separated from the selection gene by the internal ribosome binding site (IRES) sequence from for expressing the gene upstream of the IRES, was unexpected. poliovirus type 2. Because in the Picornaviridae family, a cap-independent translation mechanism is mediated by ribosome binding on an internal sequence within the 5′ noncoding region, 35 IRES are used to express two 36, 37 or Production and efficiency of the LNPOtk vector To produce VZVTK, lacZ in LNPOZ was replaced by even three genes 38 from the same mRNA. For gene transfer, this strategy avoids inefficient mRNA splicing and VZVtk ( Figure 1 ). Cells were transfected with the LNPOtk plasmid and amphotropic viruses were harvested. The possible competitive interference between promotors. It should also ensure the expression of the nonselected titers were high: from 2 × 10 5 to 10 6 G418 r c.f.u./ml on NIH3T3 cells and only somewhat lower (20 to 50%) on gene. Our results demonstrate that the VZVtk/BVDU system is highly cytotoxic for breast cancer cells in vitro breast cancer cells. In order to verify the production of VZVTK, MDA-MB-435 cells were infected by the LNPOtk and that it reduces the development of tumors derived from modified breast cancer cells implanted in nude vector and selected for G418 resistance. The protein extract from the resulting cell population was submitted mice.
to Western blot analysis ( whereas no signal was observed in all the negative conAs the functioning of IRES sequences in human mammary cells had not been established, 39 we first compared trol cell extracts. In vivo efficiency of the VZVtk/BVDU system The MDA-MB-435 cells were chosen for the in vivo assays as this cell line is known for its high tumorigenicity in nude mice. 44 Indeed, when 10 6 cells were injected subcutaneously, tumors were visible after around 7 days and they grew rapidly. The tumor development was even slightly more rapid when the implanted cells were the MDA-MB-435 cells expressing VZVtk, showing that by selection were checked for their in vitro sensitivity to 18, 45 mals (P = 0.012) although to a lesser extent than that Mice (n = 9) were therefore injected subcutaneously obtained with the higher BVDU dose. with 10
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6 VZVtk-carrying MDA-MB-435 cells. The first A significant difference between tumor formation from group was not treated with BVDU (Figure 4, untreated) parental cells was not observed in mice receiving either and the two others received BVDU 6 days after cell buffer or 2 mg per day BVDU for 8 days (n = 4 in each implantation, when the tumors became visible. Two condition, P = 0.07), showing that BVDU by itself had no doses, 1 mg or 2 mg per mouse (ie around 40 and 80 antitumoral effect. It thus followed that in nude mice, the mg/kg, respectively), were administered daily for 8 days BVDU delivery significantly decreases the in vivo tumoral by intraperitoneal injection. These doses are far below the development of a breast cancer cell pool expressing toxic level since mice tolerate a BVDU intraperitoneal VZVtk. treatment of 500 mg/kg/day for 10 days. 46 The tumor growth was monitored for 40 days. As shown in Figure  4 , the effect of the drug was clearly apparent. In the mice Analysis of the bystander effect exerted by the treated with 2 mg per day, the tumor development was VZVtk/BVDU system stopped for more than 20 days and after 40 days, the To check whether or not killing of the VZVTK-producing mean tumor diameter was significantly reduced MDA-MB-435 cells by BVDU had any effect on neighbor-(4.5 ± 0.5 mm to 13.4 ± 1.6 mm for untreated animals, P = ing unmodified MDA-MB-435 cells, a preliminary experi-0.0001). This result was BVDU concentration-dependent ment was performed in vivo by inoculating mixtures of since the mice similarly inoculated with 10 6 tumor cells tk + and tk − cells (10/90 and 50/50) into nude mice. The but treated with the lower BVDU amount exhibited a BVDU treatment was however less efficient on these tumor mass that was significantly reduced (mean diamtumors than on the tumors consisting of 100% tk + cells. In vitro experiments were thus carried out in which the two cell populations mixed in various proportions (0, 10, 25, 50, 75 and 100% of LNPOtk-infected cells) were treated with BVDU. The cells (2 × 10 5 ) were seeded in sixwell plates, grown to confluency (4 days) and treated for 5 days with 10 m BVDU. Viable cells were counted and the cell survival was expressed as percentage of the cell number counted in the same but untreated mixed culture. As shown in Figure 5a , cell survival corresponded closely to the proportion of parental cells in the initial population and was independent of the presence of BVDU-killed cells. As the bystander effect measured in vitro is highly dependent upon the cell line tested, 47 we investigated the VZVtk/BVDU effect on rat 9L gliosarcoma cells known to exhibit a bystander killing mediated by the HSVtk/ganciclovir system. 9 The 9L cells were infected with the LNPOtk vector, selected for geneticin resistance and verified for BVDU sensitivity. As shown in Figure 5b , experiments similar to those made with the MDA-MB-435 cells revealed an important bystander effect. Indeed, almost no viable cells were found after Suicide gene efficiency of VZVtk C Grignet-Debrus and C-M Calberg-Bacq 565
Figure 5 In vitro effect of BVDU on mixed cell populations of VZVtk-positive and VZVtk-negative cells at various densities: in (a) on MDA-MB-435 breast cancer cells and in (b) on 9L rat gliosarcoma cells. Various mixtures (from 0 to 100% as indicated) of VZVtk carrying cells and parental cells were plated (2 × 10 5 in six-well plates) and treated with 10 m BVDU when reaching confluency (at day 4 for MDA-MB-435 and day 3 for 9L cells). Viable cells were counted after a 5-day-treatment. Survival data are expressed as percentage of the cell number counted in the same mixed culture without BVDU. Bars represent s.d. of the mean of counts made in triplicate.
is that of Huber and co-workers. 50 They introduced
Discussion
VZVtk into human hepatoma cells and used araM, a 6-The present study shows that human breast cancer cells methoxypurine arabinonucleoside, as prodrug. AraMinfected by a retroviral vector carrying VZVtk become monophosphate was converted into cytotoxic araATP by extremely sensitive to the cytotoxic action of BVDU, and cellular enzymes and the araM IC 50 value of one selected that this prodrug effect also occurs in vivo. To transfer clone was 0.5 m, even though araM is not a very good VZVtk, we tested the efficiency of a dicistronic construct VZVTK substrate. 29 The low IC 50 values reported in our in which the suicide gene is inserted downstream from study demonstrate that the VZVtk/BVDU system is the polio2-IRES sequence. This vector functions in breast efficient in vitro with selectivity indexes (as measured on cancer cells, showing the ubiquity of the cap-independent cellular pools expressing VZVtk) reaching a value of 2000 translation machinery.
in the case of the MDA-MB-435 cells. This BVDU selec-HSV-1-, HSV-2-or VZV-encoded thymidine kinases tivity is of the same order of magnitude as or even higher phosphorylate a wide range of nucleoside analogues, a than that of ganciclovir acting on clones selected for their property that the cellular TK does not possess. That important production of HSV-1TK (hepatoma cells, 51 BVDU is a substrate for VZVTK has been demonstrated human lung tumoral cells, 31 or MCF7 breast cancer cells by Balzarini and De Clercq in 1982. 48 Of the many factors where HSVtk expression is driven by a tissue-specific which influence the efficiency of analogues as antiviral promotor 20 ). Balzarini and co-workers 26, 52 have observed drugs, one is the action of the activated drug on other a high selective cytotoxicity of BVDU on mouse mamvirus-encoded enzymes. With breast cancer cells expresmary carcinoma cells transfected with HSVtk. In this syssing only VZVtk, we do not detect any enhanced cytotem, BVDU acts as an HSVTK substrate and it is 100-and toxicity of acyclovir or ganciclovir, although both are 1000-fold more potent as a cytotoxic agent than gancicloantiherpetic agents. As observed from kinetic studies, vir and acyclovir, respectively. This BVDU effect, howacyclovir and ganciclovir are weakly phosphorylated by ever, is overestimated since HSVtk is introduced into a VZVTK produced in bacteria. 29 Their possible activity cell line which lacks cellular TK activity and is already also depends upon the affinities of cellular kinases and more sensitive to BVDU before HSVtk transfection than DNA polymerases for their phosphorylated forms. In its normal counterpart which produces the cellular TK. contrast, BVDU is extremely cytotoxic for the human cells
The notion that BVDU exerts its cytotoxic action expressing VZVtk. Of the 81 different analogues tested through a different mechanism from that of other antiherby Roberts and co-workers, 29 BVDU is the best substrate petic drugs, is very attractive. Indeed rapidly dividing for VZVTK. Moreover, the mode of action of the thymicells require an abundant supply of deoxythymidylate for dine analogue BVDU is different from that of acyclovir DNA synthesis. The inhibition of dTMP synthase is and ganciclovir which are targeted to DNA elongation. 5 exploited in classical cancer chemotherapy with 5-BVDU triphosphate can be incorporated into a DNA fluorouracil being converted into 5-fluorodeoxyuridylate chain, inducing single-strand breaks, but the main cyto-(F-dUMP). This analogue of dUMP inactivates irreversitoxicity of activated BVDU is due to the inhibition of the bly the catalytic activity of thymidylate synthase. It is also cellular thymidylate synthase that converts deoxyuridythe basis of a suicide gene therapy protocol using cytolate (dUMP) into deoxythymidylate (dTMP). 26, 49 The only report on the use of VZVtk as a suicide gene, sine deaminase which deaminates the prodrug 5-fluorocytosine to 5-fluorouracil. 53, 54 BVDU is more cyto-T-47D and MDA-MB-435 cells were grown in RPMI-1640 (GIBCO BRL) supplemented with 10 g/ml insulin toxic than acyclovir and ganciclovir against murine mammary tumor/HSV-1 TK cells 52 and human mammary and 10% FBS. The 9L gliosarcoma cell line was maintained in RPMItumor/VZVTK cells (this study). Hence, thymidylate synthase may be a more efficient target for antitumor 1640 (GIBCO BRL) supplemented with 10% FBS, 1% sodium pyruvate and 1% nonessential amino acids. gene therapy than the enzymes involved in DNA polymerization.
All media contained penicillin (10 2 U/ml) and streptomycin (10 2 g/ml). Cell cultures were maintained at 37°C When tumoral cells expressing VZVtk are injected into nude mice, a systemic treatment with BVDU appears to in 5% CO 2 . be highly efficient in terms of reduced tumor development since the drug has been administered at a relatively Plasmids low dose (2 mg per mouse) and for a short time (8 days).
The plasmids used (Figure 1 ) derive from the Moloney However, the VZVtk/BVDU system does not exert any murine leukemia virus. In the BAG vector, 40 the lacZ and bystander effect in vitro on MDA-MB-435 cells. Gap juncneo expressions are driven by the viral 5′LTR and an tional intercellular communication is one of the factors internal SV40 promotor, respectively. In the LNPOZ vecimplicated in this effect as measured on cells in cultor, 36 the viral LTR triggers the synthesis of a dicistronic ture. 14, 47 The normal breast tissue possesses gap junctions RNA that contains in sequence neo, the IRES element made of connexin-26 and connexin-43. These two connefrom poliovirus type 2 (nt 1-732 of the 5′ untranslated xins play a major role in the bystander killing, 13 but no region) and lacZ. expression of connexin-43 or connexin-26 has been
To construct the LNPOtk vector, the BamHI-lacZ segdetected in MDA-MB-435 cells, suggesting that these cells ment of LNPOZ was replaced by a 1053-bp fragment do not communicate. 55 In contrast, 9L gliosarcoma cells encoding the VZV thymidine kinase (from nt 64 796 to nt are able to establish gap junctions in vitro and they 65 849 in the VZV complete genome 56 ), 11 nt before the express connexin-43. 47 Using these cells, a bystander ATG and 17 nt after the stop codon. This fragment was BVDU-killing effect is observed, indicating that the cloned by Dr J Piette (Laboratory of Virology, University enzyme/prodrug system is not responsible for the lack of Liège, Belgium) in pGEX-5X (Pharmacia LKB, Uppsala, of effect on MDA-MB-435 cells. In vivo, however, the Sweden) from which plasmid it can be isolated by AccI question of the importance of functional gap junctions in digestion. During the LNPOtk construction, the distance tumor eradication is still left open since a very efficient between the polio 2-IRES and the downstream initiation bystander effect of the HSVtk/ganciclovir treatment has codon was shortened by 18 nt in comparison with the been reported in tumors showing no gap junctions by LNPOZ sequence. This alteration did not affect tk transelectron microscopy. 54 The most important factor in vivo lation, because the AUG present at the 3′ end of the critiis probably the immune response. We are now testing cal ribosome binding sequence is cryptic in the case of the antitumoral effect of the VZVtk/BVDU system in a IRES from polioviruses and the ribosomes start transsyngeneic immunocompetent mouse mammary tumor lation at the next AUG codon along the mRNA. 57 model.
In conclusion, we have demonstrated on human mammary tumor cells that (1) VZV thymidine kinase acts as Transfection, retroviral infection and titration Plasmids were linearized (by ScaI for BAG and XmnI for a suicide gene in these cells; (2) BVDU is especially cytotoxic for VZVtk carrying cells whereas ganciclovir and the other vectors) and transfected into the amphotropic GP+envAm12 packaging cells by calcium phosphate preacyclovir are inactive; (3) BVDU has an antitumoral effect in vivo on VZVTK expressing tumors; and (4) depending cipitation. Transfected cells were selected for geneticin resistance (with 400 g/ml G418 active concentration; upon the cell line used, BVDU killing exerts or does not exert a bystander effect in vitro. Thus, VZVtk coupled GIBCO BRL) and pooled. Retroviral preparations were obtained by allowing these producing cells to reach subwith BVDU deserves further evaluation in experimental gene therapy against cancer.
confluence in an 80 cm 3 flask, replacing the medium by 10 ml fresh medium deprived of geneticin, harvesting the conditioned medium 48 h later and passing it through Materials and methods 0.45 m-pore filters. Replication competent virus was not detected by a mobilization assay 41 that was performed on each viral preparation, using NIH3T3-BAG cells. Cell lines NIH3T3 cells (from the American Type Culture CollecRetroviral infections and titrations were performed on dishes (10 cm diameter) seeded the day before with tion, Rockville, MD, USA) were grown in Dulbecco's modified Eagle's medium (DMEM) supplemented with 7.5 × 10 5 cells, using 2 ml of 8 g/ml Polybrene (Sigma, St Louis, MO, USA)-containing medium and either 2 l, 10% aseptically collected calf serum (GIBCO BRL, Paisley, UK). The GP+envAm12 amphotropic packaging cell 20 l or 200 l fresh viral preparation. After 2 h of infection, 8 ml of medium were added to each dish. Cells were line, 41 received from Genetix Pharmaceuticals (Tarrytown, NY, USA) was maintained in DMEM suptrypsinized 24 h later, diluted 1:20 and cultivated into G418-containing selective medium. The vector titers, as plemented with 10% fetal bovine serum (FBS; GIBCO BRL). measured on NIH3T3 cells, were 6 × 10 4 c.f.u./ml for BAG and from 2 × 10 5 to 10 6 c.f.u./ml for LNPOZ. SelecThe breast cancer cells, originally established from pleural effusions of patients with breast carcinoma, were tion of infected cells was made in the presence of active G418 at concentrations of 375, 225 and 425 g/ml for the the estrogen receptor positive MCF7 and T-47D lines and the aggressive estrogen receptor negative MDA-MB-435 breast cancer MCF7, T-47D and MDA-MB-435 cells, respectively, and 500 g/ml for NIH3T3 and 9L cells. line. MCF7 cells were grown in DMEM with 10% FBS.
␤-Galactosidase activity measurement
Bystander effect Cell killing mediated by the bystander effect was studied ␤-Galactosidase activity was assayed as described 58 . BVDU-containing medium was changed every 2 days and viable cells were counted expression was also observed by cellular staining on 5 × 10 5 cells (in 10 cm diameter dishes) cultivated for 1 5 days later using the trypan blue exclusion method. Percentage survival was expressed as a function of the cell day and fixed in 3% (wt/vol) paraformaldehyde. After staining for 14 h with 1 mg/ml 5-bromo-4-chloro-3-number counted in the same coculture without drug. indolyl-␤-d-galactopyranoside (X-gal; Boehringer) as Tumor growth in nude mice described, 59 blue cells were counted by random obserNoninfected or LNPOtk-infected MDA-MB-435 cells were vation of 500 to 1000 cells under the microscope.
trypsinized, counted, centrifuged and resuspended in serum-free medium. They were injected (10 6 cells) subWestern blot analysis of VZVTK production cutaneously into 10-week-old female athymic nude mice The LNPOtk-infected cells, rinsed twice with PBS, were (nu/nu Swiss mice from Iffa Credo, L'Arbresle, France). scraped from the culture dish in lysis buffer (10 mm TrisTreatment with BVDU was for 8 consecutive days, starHCl, pH 7.4 supplemented with 150 mm NaCl, 1% ting 6 days after cell inoculation. The mice were injected (wt/vol) sodium deoxycholate, 0.1% (wt/vol) sodium intraperitoneally with either 1 mg (40 mg/kg) or 2 mg dodecyl sulfate (SDS), 1% (vol/vol) Triton X-100, 10 (80 mg/kg) BVDU once a day (0.2 ml in sterile PBS per g/ml aprotinin, 5 g/ml leupeptin and 0.5 mm phenylday). Tumor growth was monitored twice a week and methylsulfonyl fluoride). The extracts, cleared by centrigrowth rate, determined from caliper measurements of fugation (12 000 g, 30 min, 4°C), were submitted to SDStwo diameters, was expressed as the mean diameter 10% (wt/vol) polyacrylamide gel electrophoresis (SDSincrease. Noninoculated mice receiving the 2 mg BVDU 10% PAGE) and the separated proteins were transferred treatment were not affected. to Immobilon-P filters (Millipore, Bedford, MA, USA) by electroblotting. Membranes were successively blocked at Statistical analysis room temperature for 1 h with 5% (wt/vol) powdered Differences in tumor growth rates were analyzed by a milk in Tris-buffered saline (20 mm Tris-137 mm NaCl, mixed model (first order autoregressive model) by SASpH 7.6) containing 0.1% (vol/vol) Tween-20 (TBS-T), PROC MIXED (SAS Institute Inc, Cary, NC, USA). incubated for 2 h with a rabbit anti-VZVTK antiserum (diluted 1:40 in TBS-T), washed three times in TBS-T and
